SUMMARY It has been postulated that postoperative right bundle branch block (RBBB) may be produced by conduction block at any of several sites. In this study the site of block and resultant pattern of ventricular activation were documented in 20 patients in whom RBBB developed during repair of congenital cardiac defects. Intraoperative epicardial and endocardial mapping and recording from the right ventricular specialized conduction system were performed before and after repair in each patient. In eight patients right bundle branch (RBB) conduction was interrupted proximally in the area of the ventricular septal defect. Right ventricular (RV) activation in these patients was delayed at all sites. In five patients RBB conduction was interrupted distally in the area of the moderator band. RV activation in these patients was delayed at most sites; however, the apical septal sites were activated normally. In seven patients, RBB conduction was interrupted terminally in the area of the terminal fascicular network. In these patients RV activation was delayed only in basilar areas. We conclude that at least three distinct types of postoperative RBBB exist and can be identified by differences in RV activation.
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THE ELECTROCARDIOGRAPHIC PATTERN of right bundle branch block (RBBB) appears frequently after open heart surgery for correction of congenital malformations. This RBBB pattern often results from disruption of the right ventricular specialized conduction system during right ventriculotomy or infundibular resection,1-3 but may also occur after transatrial repair of ventricular septal defects in which neither right ventriculotomy nor infundibular resection is performed.4-6 It has therefore been postulated that the postoperative RBBB pattern may be produced by conduction block at any of several sites along the course of the bundle of His or right bundle branch (RBB).27 The present study was performed to identify the sites of block and consequent patterns of ventricular activation during RBBB produced during repair of congenital cardiac defects.
Materials and Methods
Twenty patients who underwent total repair of either tetralogy of Fallot (12 patients), ventricular septal defect (three patients), complete atrioventricular (AV) canal (three patients) or double outlet right ventricle (two patients) were studied during cardiac sur-gery after informed consent was obtained (table 1) . The patients were 1-22 years old, and there were six females and 14 males. Fourteen-lead ECGs and vectorcardiograms were obtained before surgery and during the first postoperative month. RBBB was defined by prolongation of the QRS complex (usually greater than 120 msec), an S wave in leads I and V, and a monophasic, double-peaked R wave in V, and V2. 8 Vectorcardiographic criteria included prolongation of the QRS loop and slowly inscribed, anterior and rightward terminal forces.9 No patient had RBBB preoperatively, but eight patients had postoperative RBBB with a QRS duration of less than 120 msec; however, these children were younger than 8 years of age and the typical electrocardiographic and vectorcardiographic patterns of terminal rightward delay were observed.'0
The sequence of epicardial activation was determined by recording bipolar electrograms at 36-78 epicardial sites on both ventricles. A bipolar plunge electrode was inserted as a reference electrode into the left ventricular myocardium. The epicardium was then mapped with a hand-held probe (bipolar platinum electrode with 1-mm interelectrode distance) at preselected sites identified on Polaroid photographs of the heart taken before the mapping procedure. Surface electrocardiographic leads I, II and III or I, aVF and V6 were recorded; the band pass was 0.1-100 Hz. The electrograms were filtered at 40-500 Hz. Epicardial activation mapping was performed after cannulation but before the initiation of cardiopulmonary bypass and after termination of cardiopulmonary bypass. During cardiopulmonary bypass, bipolar electrograms were recorded from [10] [11] [12] [13] [14] [15] sites on the right atrial and ventricular endocardial surfaces."1-" Particular attention was directed toward recordings on the septum along the course of the RBBB from the membranous septum to the Purkinje fibers of the right ventricular anterior wall. Endocardial electrograms were also recorded at the apex and outflow tract.
Activation mapping was performed during sinus or 319 Activation mapping after RBBB in these patients revealed delay at most right ventricular epicardial sites. In four of the five patients, actlvation of the right ventricular apex was delayed 3-8 msec, an insignificant change; however, activation of the anterior and inferior walls and outflow tract was significantly delayed (greater than 25 msec) compared with the values before repair (figs. 6 and 7). In the remaining patient, activation of the right ventricular apical epicardium was delayed 22 msec compared with the value before repair.
Endocardial activation of the right ventricle was delayed on the free wall and outflow tracts of the right ventricle in these patients. Activation of the midseptum and apical septum of the right ventricle, however, remained similar to patterns ( fig. 5) In seven patients, conduction in the RBB was blocked in a portion of its terminal ramifications. Each of these patients had tetralogy of Fallot; five underwent transatrial repair and two underwent repair through a right ventriculotomy. The moderator band remained intact after repair in each of these pattients. In each of the patients, conduction system electrograms were recorded from the distal His bundle site, prQximal and distal right bundle branch sites and the anterior wall Purkinje fibers after repair of tetralogy of Fallot and the creation of RBBB ( fig. 8) .
In this group, right ventricular epicardial activation was delayed only in the anterobasal segment along the AV groove and the outflow tract (figs. 9 and 10). Delays of msec were observed at these sites. Activation of the right ventricular apex and much of the anterior and inferior walls was unchanged after appearance of RBBB.
The sequence and timing of endocardial activation of the right ventricular septum and apex were unchanged after the creation of RBBB ( fig. 8) ,ntricular acthe R VOT 
